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Abstract 
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rever ^ e:-,--r? -ated by tlie ^ ;ime letter- anc -umbers. Moreov. r, 

the r ;gni- -- of t-- correlation suggested that th. *e form errors : . id 
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chilL.-cn - i'l f-^ 'l^iG. 
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Trcdict ill}; Academic rerrorniniicc from 

. , 1 
Printing lirrors in Kindergarten 

Despite the considerable interest printing errors have generated since 
the turn of the century, little is known about their significance although 
it is widely accepted that left-right mirror- image reversals typically occur 
among older children experiencing academic difficulty (Clark 1970; Meier 1973). 
Largely because of this, reversals are often used in an attempt to identify 
chiWren at-risk for academic failure (Kaufman, 1980). The present findings, 
however, lend support to a growing body of evidence sliowing that reversals, 
in f-neral, have little bearing on academic achievement (Allington 1976; 
Calf >e 1D77; Cohn 5 Strieker 1979: Kaufman § Biren 1976). Of greater impor- 
tance though, these findings point to the seriousness of a far more common 
although largely neglected category of error in which kindergarten -hildren 
either add, delete, or misalign parts when printing, thereby producing a 
marked change in the overall form of the original letter itself (e.^., E->f , 
K !>< ^ R-> C(_ , S 5 , f r )• Specifically, as part of a series of 
investigations (Simner 1P79, 1980, 1981) concerned with children's printing, 
we found that these form errors, but not the reversal errors, generated when 
kindergarten r' " Idrcn print the reversible letters and numbers, were associa- 
ted with te:.. he judgments of academic performance at the end of kindergarten 
as well as tl-.r ghout Grade 1. 
MI-TllOD 
Sub] ects 

Three samples totaling 166 non-repeating kindergarten children (79 male, 
87 female) were drawn from eight different kindergarten classes distributed 
among seven different schools. All of the children were native English speaking, 
Sample 1 consisted of 67 children tested in the early fall while Sampe 2 
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cunlaiiicd r.K children tested in llie late spriiij;. Tiie reiunining ''(' :n 

Sample 3 were tested in mid-winter. 

Procedure 

Hacii child, tested indi • uiual ly , was asked to pr-'t from .^ni'v-/ ...ate ly 

after a 2.7 sec exposure to of the 41 reversib.c tters . j ' see 

Figure Ij . hown one at a tim. in random order on eith-;.-- slides ,' unpie icl 5, 
or flash cards (Sample 2). "nis procedure v.as used be: use it »i 
likelihood of obtaining reversal errors while at the s:; : t;-nc ■ a, 3 pos- 

sibility cf producing form errors due to the child's l::--.c of f: iari- .ith 
the letters and their names. To avoid missing data if a chile -Je - recall 
a letter or number, it was shown agt^in and tiie ciiild was as oc on^ -.'.r.- to print 
from memory. 

Left-rigi>t mirror-image reversals were said to iiave ta -c:. , -c; vjh. n ail 
of the parts in the original letter or number were reproducc-l . . . md 
rotated 180° about a vertical axis (b-»- d) . Form errors wer ' jo- dl'ied 
according to the criterion provided above. Figure 1 contain I examples 

of these form errors for tiie each of the 41 letter and numbe -Sfd in 

this investigation. Because kindergarten chi Idron typical ly . , ' is icn 
when printing, examples of reproductions that were judged cc 
included for comparison. 
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Place Figure 1 About Here 



Intjrscorer reliability was obtained on the error scor ;igned by 

the authjr and ^n experienced psycliometrist using a randoml cted subsample 

of protocols from 21 children. The results showed considerable ^,reement in 
recognizing both of these error types (reversal errors: r^^ = . - 3 , df = 19 , 
p < .01; rorm errors: r^^ = .97, df = 19, p < .01, . 
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As :• of* academic jH riunnancc ii ki ii> .criiarlci. , liie teachers' ojid-of- 

•.■ar r:.- .ig of each cli: '^s readiiK\^ fc .irade 1 w. ? obtained t'cr those. 

.nidv le 1 aiul 2. . sc rank ore rir. .s, convert jd to standard z-scorc 

I. . J from the teaclvjr". * use :f a lo- :d ver:^ :n of the Criterion- 

■ irement Program : Reading ar. ematic SOBAR) published 

JCJirch Assu>cia-cs :^:d reflect t Id ^ee of mastery of 

V - core objec -ivc establishec .. .f E^^ucatior:. Academic 

■ Jrade 1 was basec on the teac.ie- ' c :i; ens of each child^s 

>vo- al 5 performance in reading, plio:u'-:s ,aa: and mathematic? as 

v r:! ti.eir report cards issued at the eiic or le 'irst "(November) , second 

.-u third (June) term, "his informa-ion obtained on 54 children 
■|. ... Acd all of those in Szmple 3 along v;iT__. _3 children from Saraple 1 

: card records were available. In ac ..tion, second term report card 
-i:: were also available on 53 of the Sa; le 2 children. 

Results 

r 1 contains the product-moment corr lations obtained between the 

aciiery vvaluarions of academic performance :md the number of reversal as well 

; : form errors generated in kindergarten by ' 41 reversible letters and numbers. 

thes- results show, the occurrence of forr rrors relate to academic performance 

neasurcd at the end of kindergarten and throi ::out Grade 1. This was not tho 

jase, :iowever, for the reversal errors produc . by the same letters and numbers. 
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ill addition to these main findings we also ave reason to believe that if 
form errors in printing are used for the purpose of screening children in need 
of some tyi)c of early assistance, such use is : ikely to produce relatively few 
false positive and false negative judgments co.^.; ared to other tests specifically 
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.!]M):u* such iL Sliulriil S 
liluro, the L)e\'ck iicntai lndic;..tors 
iiei the iluman lu :':.:rc Drawing Tjst (Dun 
tein 1981; Sa- i: Fletcher 1979). L 
n general dec ;ies steadil)' througlu 
error score, :)roduced by the chile 
CT- onverted t ■ standard z-score v:al:- 
cL of the 29 children from the com 

.Aod o!r were designated as being ai- isk for failur by 

t the end of kindergarten or Grau. I, 20 [69%) ob'c_ined 
i.'ss. In contrast, only 3 (6%) of the 54 children fr n^. 
idged by t ir teachers to be at tl j top of their ass, 
s within this lower range. 
Liability of these added findings using this cutoff point. 
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further sample . isting of 128 non-repeating kindergarten children from 
f vc different sc Is was tested in the early fall of the following year. The 
procedures were t ;'j same as those described above with the exception that the 
letters and numbers were administered using flash cards. In line with the pre- 
vious bindings, cf the 26 children in this new sample who either failed or were 
designated as being at-risk for failure by their teachers at the end of kinder- 
garten, 17 (65%) obtained a z-score of -.50 or less. Also, of the 47 children 
judged to be performing at the top of their clas.s only 9 (19%) had z-scorc values 
of -.30 or less. Table 2 summarizes the findings from both samples by knowing 
the mean number of children for whom true and false positive judgments as well 
as true and false negative judgments occurred using the children's form error 
scores to predict academic performance. The results in this table indicate 
':hat the ovendl "miss rate" (false positive + false negative/total number of 
children for whom predictions were made) is in the neighborhood of 19%. 
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As these findings became known, it wa_ ccnsidered important to ask, if the 
f jrr. error scores remain stable over time. T. answer this question, one sample 
of 2= children was tested initially in the :e spring of pr -^-indergarten, 
then four months later in the early fall e indergarten. A -■ irther sample of 
24 children was tested in mid-winter of k... r.-rten, then on a second occasion 
one month later. Because printing from m-^. T proved too difficult at the pre- 
kindergarten level, the task was amended allow these children to print while 
the pictures of the letters/numbers remr • nc. in view. The ether groups were 
tested according to the procedures desc .el above. The resulting product- 
moment correlations (r^^ = . . 83 , df = 2 . p < . 01 ; r^^ = - 37 , df = 22 , p < . 01 . 
respectively) clearly indicate that ch: dren who produce either very few or a 
large number of form errors when they : rint zm one occasii^n behave in a very 
similar fashion when tested on a second occasion, ilence, considering both of 
these additional findings together (that is, the high tesr-retest reliability 
coupled with the low miss-rate), it would seen that • :• - errors in printing hold 
considerable promise as a means of aiding in the identification o" kindergarten 
children in need of some type of ear.y assistance. 

Parenthetically, in view of the potential usefulness of these errors in 
detecting at-risk children, it was also considered worth knowing if supplementary 
information provided by the parents could be employed to reduce the probability of 
false positive and false negative judgments. This was examined by administering 
a questionnaire to the parents of 56 children in Sample 2 prior to the end of 
kindergarten. Each question was selected on the basis of work by others showing 
that it correlated with either early academic performance, IQ, or achievement 

as measured on various test batteries The final list included questions on 

perinata] medical history, diet, preschool academic experiences, home stimulation. 



othi .ii ;huI tJCiMipat ioii of (1k' parcMUs. birth dale, birth order, and home sta- 
bil.- jiibcr of moves, /uarital status, daily routine, etc.). 

:)ccted, the results i)roduced a number of significant correlations with 
end- -r performance in kindergarten. However, none exceeded the correlation 

gen.; :»>' the form error scores alone. Moreover, using a stepwise regression 

pre only two of the variables (number of books at home and child's age at 

the of testing) when coupled with the form error scores, produced a reliable 

(p .0:) increase in the resulting multiple correlation. Unfortunately, though, 
the predicted class standings generated by the regression formula containing 
th: beta weights associated with each of these three variables- (form errors, books 
at licrne, age at testing,) when obtained on this sample coupled with a further 
sa::pie of 50 children for whom this information was also available, showed no 
reliable change in the number of false positive and false negative judgments. 
Therefore, we have no reason to assume that knowledge of background variables 
of the type normally found on many early screening devices can improve the 
level of information already conveyed by considering these form error scores 
alone . 

Discussion 

The findings from this investigation underscore evidence reported by a 
number of others showing that left-right reversal errors have limited utility 
when employed for the purpose of identifying children with potential learning 
problems (Allington 1976; Calfee 1977; Cohn 5 Strieker 1979; Kaufman 5 Biren 
11)76). To be sure, there are some studies showing a relationship between 
reversal errors and academic ability. With few exceptions though in these 
instances the relationship is either marginal (Black 1973; Lewis § Lewis 1965) 
or the test itself was composed primarily of items presented in a matching-to- 
sample format and the reversals measured were reversals of sequence (was 
saw) not reversals of individual letters (e.g., Kaufman Pi Kaufman 1980). 



While this point rej;arcli iiji sociuencc reversal errors and the use of a 
inatch^iig-to-sample format is often overlooked by those who argue ir. favor of 
employing reversals to predict academic performance, it could be of considerable 
importance. Lieberman, et. nl. (.1971 J, for example, found that sequence reversal 
errors related to reading performance while single letter reversal errors did not. 
Furthermore, these two error types were uncorrelated suggesting that they might 
even stem from different underlying sources. Also, Sidman § Kirk (1974) have shown 
that reversal errors are more common when children identify reversible letters 
using a matching-to-sample procedure then when they print. This of course could 
mean that when relationships are obtained between reversal errors and later academic 
performance based on tasks involving matching-to-sample techniques, such relation- 
ships might reflect the child's problem with the task itself more so than his or 
her tendency to reverse per se. Tor example, performance on the Matching Familiar 
Figures Test, wl ich employs a matching-to-sample technique and places no importance 
on reversal errors, also relates to academic achievement (Messer 1970). In other 
words, if tests designed to measure the frequency of left-right reversal errors 
were scored for errors other than orientation errors, these other errors might 
yield correlations similar in magnitude to those obtained based on the reversal 
error scores alone. In line with this point, Leiberman et. al. also reported that 
errors involving consonant as well as vowel substitutions correlated moro strongly 
with performance on the Oral Gray Reading test than did sequence reversal errors. 
Cohn fi Strieker (1979) obtained very similar results using a letter naming task. 
While this is not intended to suggest that left-right reversal errors have no 
clinical significance (see Royer fi Holland 1975 for a more complete discussion 
of this issue), these possibilities do indicate the need for exercising consid- 
erable caution when forming conclusions regarding a child's learning potential 
based on the child's tendency to produce left-right reversal errors. 



On llu« other h:un\, the c-vidciico deal in}; with form errors in printing clearly 
indicates that ti>is largely overlooked category of error could prove quite useful 
as an aid in any early screening program. Jn fact, the range of correlations 
shown in Table 1 compare very favorably with tliose obtained .ising such -popular 
"readiness" tests as tiie Kechs'cr Preschool and Primary Scale of Intelligence, 
the dc llirsch Predictive Index of Reading Failure, the Otis-Lennon Mental Ability 
test, the Bender Visual Motor Gestalt test, the Goodenough-Harris Draw-A-Man 
test, the Gates Reading Readiness test, and the Lorge-Thorndike Intelligence 
tes^ (Feshbach, Adolman, f, Fuller 1974; Harris 1963; Mendels 1973; Silberberg, 
Silbcrberg, tl Iverscn 1972). Moreover, in view of the questions that have 
been raised concerning the diagnostic utility of many of these tests (e.g., 
Calfee 1977; Salvia ^ Ysseldyke 1978; Silberberg, Silberberg, & Iversen 1972) 
coupled with the amount of time they require to administer and score, if screening 
for potential learning problems per se is the major purpose of early testing, a 
useful alternative might be to employ the procedures in this investigation. Using 
flash cards, test time and scoring time average 10-15 minutes per child. The 
cutoff point z-score values reported above translate into 18-19 errors for children 
tested in October-November and 7-8 errors for children tested in May-June of 
kindergarten" . 

Finally, with the ultimate aim of establishing an early intervention program 
designed to assist the at-risk children identified by this error type, it is 
worth asking why form errors in printing relate to later academic performance. 
Two possibilities coi^e to mind. First, despite the fact that all of the children 
printed from pictures, these errors still might stem from the child's overall 
lack of familiarity with letters and numbers. Retesting 28 of the Sample 2 
children showed that the total number of letters/numbers named correctly as they 
appeared on the screen correlated - . 52 (df = 26 , p < .01) with the number of form 
errors produced. Moreover, it is well known that the ability to name the letters 



:iiul numl.cTS in ki lulernnrlcMi correlates (uiitc hii;hly with performance in Grade 1 
(Calfee 1977; S i UierbiM-g , Si Iberhcrg, C, IvcM-.sen 1972). Therefore, it could very 
well be that form errors in printing relate to later school achievement in reading, 
phonics, language, and math, at least in part, because these errors reflect inade- 
quate experience with certain basic materials upon which later success in these 
areas depends. 

A second way of explaining this relationship stems from recent findings 
ihat link the occurrence of form errors to momentary lapses in the child's atten- 
tion to detail (Simner 1979). If these lapses also occur throughout the school 
day, perhaps children who produce many form errors do less well than their peers 
because they have more trjublc attending to the material taught in class. In 
other words, what might appear on the surface to be a learning deficit in these 
children, could, in reality, stem from the child's difficulty in maintaining his/ 
her attention when confronted witli the normal distractions found in a typical 
kindergarten and 1st grade classroom. 

In line with this possibility, we have some further evidence showing a re- 
lationship between the number of form errors obtained in kindergarten and the 
kindergarten child's attention span in class as judged by their teachers. Spe- 
cifically, each kindergarten teacher was asked to rate the children in her class 
using a 10 point scale with 10 indicating good general attention span in class 
and 1 reflecting poor in-class attention. The resulting product-moment correlations 
showed a fairly strong relationship between these two variables (Sample 1: r^^ = 
-.69, df = 65, p < .01; Sample 2: r^^ = -.53, df = 54, p < .01). Moreover, those 
children said to have a poor attention span in kindergarten, were also less likely 
to do well academically in both kindergarten and in Grade 1 . That is, these kinder- 
garten teacher ratings of the child's in-class attention span correlated highly 
with the children's subsequent academic performance measured at the end of kinder- 
garten (Sample 1: r,.^ = .65, df = 65, p < .01; Sample 2: r^^ = .65, df = 54, p < 
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.UIJ as well as at Ihc 'jnd of Grade 1 in reading (r^^^^ = .58, df = 51, p < .01), 

phonics (r = .b.'S, df = SI, p < .01), language (r = .59, df = 51, p < .01) and 

math (r = .57 df = 51, p < .01). This, of course, agrees with work by others 
xy ' 

(Samuels ^4 Turnure 1974) showing a relationship between the child^s degree of at- 
tentiveness in class in Grade 1 and his/her subsequent reading performance also 
measured in Grade 1. Hence, if form errors in printing are used as an aid in early 
screening, the possibility that these errors might stem from the child's lack of 
familiarity with letters and numbt s coupled with the child's short attention span, 
suggests that perhaps the at-risk children identified by this error type might pro- 
fit from being placed in a highly structured program designed both to focus and 
maintain the child's attention while at the same time providing the child with 
increased drill in language based materials. The Direct Instructional Model 
described by Becker and Engleman (1978) is one example of such a program that has 
met with some success (Miller § Dyer 1975). 
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Tabic 1. Produce- mcnl correlations obtaincHl holwecn the number of reversal 
as well as fonii errors in printing gencratcHl in kindergarten and teachers' 
end-of-year-cval tions of academic performance in kindergarten and throughout 
Grade 1 . 



Sample 
1 (N=67.) 



Kindergarten Performance 

I-rror Type Correlation 
Reversal r = -.18 

.67** 



2 (N=58) 



Form 
Reversal 
Form 



xy 



r = ..15 

xy 



r = -.53^ 
xy 



Performance throughout Grade 1 



Term 



1st (N=54) 



2nd (N=54) 



(Sample 2) 
(N-.S7) 



3rd (N-;'3 



lirror Type 

Reversa 1 

Form 
Reversal 

Form 
Reversn.1 

Form 
l^eversn 1 

l-'orm 



Reading 

-.11 

-.54** 

-.20 

-.53** 

-.01 

- ..SI** 

-.15 

-.48** 



Subj ect Area 
Phonics Language 



-.15 

-.57** 

-.19 

-.59** 

-.14 

-.27* 

-.20 

-.48** 



.00 
-.40** 
-.07 
-.60** 
-.19 
3 7 * * 

-.09 
- .36** 



Math 

.00 
-.07 
- .05 
-.41** 

.00 
-.65** 
-.22 
-.40** 



** p< .01 
* p< .05 
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Tnhlc 2. Prediction of tenchers' eiid-of-year perforiiuincc evaluations using 
form errors in print inj',. The cells contain both the mean number and percentage 
(in brackets) of kindergarten children from two independent samples for whom 
either true or false positive as well as true or false negative judgements 
occurred. 

Teachers' lind-of-Year Performance Evaluations 



Form Hrrors 



at-risk for 
failure 



top of class 



poor prognosis 

(z-score of -.30 
or less) 



(true positive) 



18.5 

(67^o) 



(false- positive) 



6 

(12.5%) 



good prognosis 

(z-score greater 
than -.50) 



(false negative) 



9 

(33"6) 



(true negative) 



44.5 
(87.5%) 
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reprocxx:tions 

JULA7CU LLr^nCL 1 


FORM ERRORS 




REPRODUCTIONS 
JuLAjtU CORRECT 


FORM ERRORS 


R 


R R R R D 

D p 1^ 13 D 


b r ° b D 


q 


C/ ol «J 




r 


n 
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1 1 


h k k 
M 11 n 


1 1 1 1 U 1 1 1 1 NO 1 




h h 




j 

J 


J J 


1 J J vJ vj J 


[_ 


p r 


i ^ P P 

p ^ r c 


L 
K 


1<^ k' K ^ 


1a K k n lY p IT 




r p-T 

111 


iz r 


m 


hn m m 






v:::? w O 


o< u 0 


1 I 


n 

n n ri 


n r n M r n 


J 


J ) 


T I ) 1 

<J w J 


P 

r 


P P 
r r 


b Q lo p 
r r 1 K 




K K 
K l\ P 


1/- \ IV r 1 K 


q 




Q Q Q 0 D r1 
A ^ 7 Y K ^ 


1 


1 1 




1 


f-» Kn 

r r r r 


r T h r p 


M 
1 N 


N M 


M J~ nC 

II lY H 


5 




5 ^ Q Q 

C 0 1 0 


p 


0 D 
r r 


\ n n P Q 1° 


1 1 

U 


u u u u u 


y u 1 Lj ^ 




w 




y 
/ 


y / V 
/ / / 


V y -J k U 
1 / 1 n H 


P 

r\ 


P D P P 
F K ^ n 


K p Q p q r7\ 19 


—7 


— 1 


7 □ 1 \ i P 


Q 


b J 


S 7 r 
c Z J 


z 


^ J 1 L <L 


i J C c 0 L 


7 




d J n d _i 


J 


^ 1 


^ 5 i ^ J 


u 


Q Q U 


q u Q n A 01 


LL 
T 


1^ n 


4-4 V 4 U 

rt )( 1 n 


L 
D 


P D 0 


r h b h A n- 1 

r ■ u r U 0 lo 


J 


b J 


0 Z. u o 




O 


6 a L 


0 


C*^ U T-. U k 
0 to O O 0 


Y 3 r 0 


J 
Q 


u 


d 1 Q 1 ^ 
^ 1 0 LP 0 


7 


1 / 








Q p p ^ p 


9 

7 


9 Q 9 

1 y T 


> 
/ 


f 


i f F 


r F £ R 









Figure 1. Examples of form errors in printing produced by kindergarr en children 
for each of the 41 reversible letters and numbers. Reproductions judged corr::;ct 
are included for comparison. 
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